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Abstract
Candida is known to be associated with early colonization of cariogenic microor-
ganisms leading to dental caries and there is a need to determine the effectiveness of 
various chemotherapeutic agents against it. The study is aimed to isolate, characterize 
Candida from the dental plaque of children with dental caries, to study its virulence 
factors and the antimicrobial activity of coconut oil, probiotics, 0.2% chlorhexidine 
and ketoconazole on C. albicans. Samples were collected using sterile cotton swabs 
from children with dental caries and streaked on Sabouraud’s dextrose agar plates 
and incubated at 37°C for 24 h. Candidal colonies were isolated, species identified, 
and virulence factors tested, and its susceptibility to 0.2% chlorhexidine, probiotics, 
coconut oil, and ketoconazole was determined using disc diffusion method. C. albicans 
was the predominant species isolated, and virulence factors such as phospholipase, 
hemolysin, germ tube, and hyphal formation were seen. The mean zone of inhibition 
for chlorhexidine was found to be 21.8 mm, for coconut oil it was 16.8 mm, for probi-
otics it was 13.5 mm, and for ketoconazole it was 22.3 mm. The difference between the 
groups was not statistically significant. Thus chlorhexidine and coconut oil were found 
to exhibit significant antimicrobial activity which is comparable with ketoconazole.
Keywords: Candida albicans, virulence, children with dental caries, antifungal 
susceptibility, hemolysis, phospholipase
1. Introduction
Dental caries is defined as an infectious microbiological disease of the teeth that 
results in localized dissolution and destruction of the calcified tissue [1]. Dental 
plaque (biofilm) is defined as a soft thin film of food debris, mucin, and epithelial 
cells that adheres to the tooth surface, providing the medium for the growth of 
various bacterial species [1]. The term “cariogenic bacteria” refers to certain patho-
genic microorganisms, which have the ability to ferment the carbohydrates and 
produce acids as a by-product [1]. Microflora responsible for caries development 
usually belongs to the normal physiologic flora with a low cariogenic potential (low 
virulence). But changes in the oral environment leading to a shift in the balance 
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between the cariogenic microflora, host defenses such as resistance and acid 
susceptibility of the tooth, plaque and saliva increase the cariogenic potential of the 
microflora (increase its virulence) and initiate caries.
Streptococcus mutans have been implicated as the most important bacteria for car-
ies initiation and its progression. They exhibit a number of virulent characteristics 
that makes the plaque or biofilm cariogenic. They produce various acids, especially 
lactic acid, which demineralizes the tooth enamel. They also produce extracellular 
polysaccharides that allow for further plaque growth. In addition to S. mutans, 
Lactobacilli and the yeasts are important in the pathogenesis of dental caries.
Candida is a normal commensal in the oral cavity and participates in the 
formation of complex microbial oral biofilm. The percentage of Candida spe-
cies colonization ranges from 20 to 40% in healthy individuals to about 60% in 
immuno-compromised people where it becomes the predominant flora [2]. Poor 
oral hygiene, increase in the intake of sugary foods and presence of carious lesions 
in children, favors candidal colonization [3] The microbiology of dental plaque 
resulting in dental caries has been researched extensively. Candida seems to play 
an important role in microbial adherence to dental surfaces in coaggregation with 
S. mutans [4]. The synergistic action of Candida along with mutans streptococci 
enhances its cariogenicity and its adherence to the oral biofilm and carious tooth 
substance [4–7]. C. albicans is found to ferment glucose and maltose, producing 
both acid and gas and its contribution to overall microbial acid production seems to 
be important . Other factors attributing to the cariogenic ability of Candida are its 
adherence to saliva proteins, ability to penetrate into dentinal canals, and its enzy-
matic activity to degrade collagen [5]. C. albicans is known to be associated with 
dental caries, but more recently the role of nonalbicans candida (NAC) including C. 
glabrata, C. guilliermondii, C. krusei, C. kyfer, and C. tropicalis in the development of 
dental caries has been reported [3–9].
Research on the chemotherapeutic approaches to reduce the levels of C. albicans 
resulting in dental caries has been limited, and there is a need to determine the 
effectiveness of various chemotherapeutic agents against it. Ketoconazole is an 
antifungal imidazole compound which has been found to be very active against both 
superficial and systemic fungal infections. The inhibitory effect of ketoconazole on 
C. albicans, as determined by incomplete respiration or impairment of respiratory 
function, occurred at the lowest concentration observed among the imidazole com-
pounds [10]. So it is taken as a standard drug against which others are compared.
Chlorhexidine is a biocide that is widely prescribed in dentistry both as an 
antiseptic mouthwash and a denture disinfectant. It has a broad spectrum of 
antimicrobial activity against a variety of organisms, including C. albicans. It acts 
as a fungicide leading to the coagulation of nucleoproteins and changes in cell walls 
allowing the escape of cytoplasmic components through the plasmalemma. It is 
also capable of inhibiting candidal adhesion to biological and inert surfaces [11]. 
Coconut (Cocos nucifera), the unique source of various natural products is con-
sumed as a part of the staple diet in many countries and useful for the development 
of medicines against various diseases. The parts of its fruit like coconut kernel and 
tender coconut water are of a great medicinal value because of its antimicrobial and 
antioxidant property [12]. Lauric acid, a medium chain fatty acid (MCF), which 
is predominant in coconut oil, has proved to have antimicrobial, antiviral, and 
anti-inflammatory action. Probiotics can be defined as living microbes, or as food 
ingredients containing living microbes, that beneficially influence the health of the 
host when used in adequate numbers [13]. They have been used to modify microflo-
ral ecosystems and have shown some success as a therapeutic for oral diseases.
The study aims to isolate, characterize Candida from the dental plaque attached 
to the tooth surfaces of children with dental caries, to study its virulence factors, 
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and to test the susceptibility of C. albicans to ketoconazole, 0.2% chlorhexidine, 
probiotics, and coconut oil, and to compare their antimicrobial efficacy.
2. Materials and methods
Subjects for the study were selected from the children who consulted the out-
patient Department of Pediatric and Preventive Dentistry, Kannur Dental College, 
Anjarakandy. Based on the caries experience (dmfs index) that was recorded using 
visible light, mouth mirror, and CPI probe, 50 children with dental caries were 
selected for the study. Informed written consent was obtained from the parent/
guardian of the children. Exclusion criteria included the children who were on topi-
cal or systemic antibiotics or antifungal medication. This study was reviewed and 
approved by the Institutional Ethical Committee of Kannur Medical College.
2.1 Armamentarium
1. Mouth mirror
2. Explorer, Tweezer
3. Sterile Cotton swabs
4. Magnifying glass
5. Culture media-Sabouraud’s Dextrose Agar, Corn Meal Agar, Hichrome Agar 
(HI MEDIA), Mueller Hinton Agar, Blood Agar
6. Serum
7. Culture plates
8. Stock vials
9. Glass slide
10. Cover slips
11. Incubator
12. Light microscope
13. Saline solution
14. Filter paper discs
15. 2% ketoconazole (KevonR)
16. 0.2% chlorhexidine (Hexidine mouthwash)
17. Probiotics (VizylacR, lactic acid Bacillus 120 × 106)
18. Coconut oil
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Samples were collected using sterile cotton swabs. Swabbing was done over 
the buccal, lingual, proximal, and cervical portion of the tooth and immediately 
transferred to the lab for microbiological analysis. The samples were inoculated for 
culture on Sabouraud’s Dextrose Agar (SDA) plates supplemented with 1% chlor-
amphenicol with pH 6.6 to prevent bacterial overgrowth. The plates were incubated 
at 37°C for 24–72 h. Isolates were identified by colony morphology on SDA plates. 
Growth appears in 1 to 2 days as creamy, smooth, convex pasty colonies with a 
moldy odor. Culture is said to be negative if there is no growth even after 72 h of 
incubation. The positive cultures were stocked in SDA stock vials (Figure 1).
Isolates were speciated based on the conventional methods of germ tube test and 
Corn Meal Agar (Dalmau Plate Culture Technique) and by Hichrom Agar-Candida 
Differential Media. For germ tube test, a small portion of an isolated colony of the 
yeast to be tested was inoculated into the 0.5 ml human serum and incubated at 
Figure 1. 
Growth of Candida on SDA.
Figure 2. 
Inoculation of Candida in human serum for germ tube testing.
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37°C for 2 h (Figure 2). After 2 h of incubation, a drop of the yeast serum suspen-
sion was placed on a glass slide, overlaid with a cover slip and examined microscopi-
cally for the presence of germ tube under low power microscope. Test is said to be 
positive if tube like extensions from the yeast cell is seen within 2 h of inoculation 
and the isolate was considered as C. albicans. For Corn Meal Agar (Dalmau Plate 
Culture Technique), an isolated colony from the primary culture media was picked 
using a straight wire and inoculated into cornmeal agar plate at 45° angles to the 
culture media. A sterile cover slip was placed over the surface of the agar, covering a 
portion of the inoculated streaks (Figure 3).
The plates were incubated at 28°C for 48 h. The areas where the agar was 
streaked were examined under microscope. Isolates with large, highly refractile 
thick walled cell, single or multiple, terminal or intercalary chlamydospores were 
identified as C. albicans (Figure 4). Species identification was also done by streak-
ing the samples on HiCrome Agar media (Himedia, India) and incubated at 37°C for 
24 h. Colonies were identified depending on their color and pattern of growth.
Figure 3. 
Dalmau plate culture on Corn Meal Agar.
Figure 4. 
Chlamydospore formation of C. albicans-microscopic view (high power).
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The virulence markers like hemolysis and phospholipase were tested on the 
Candidal isolates. For hemolysis test, the Candidal isolates were seeded onto 
blood agar enriched with 1% glucose and incubated at 37°C for 48 h in a 5% CO2 
atmosphere. Hemolytic activity was defined as the formation of a translucent halo 
around the colonies. To determine phospholipase activity, test medium containing 
65 g SDA, 58.4 g NaCl, and 5.5 g CaCl2 was dissolved in 980 ml distilled water and 
sterilized at 121°C for 12 min [9]. Egg yolk was centrifuged at 5000g for 30 min. The 
supernatant was removed and added to cooled medium (45–50°C) (2%), mixed, 
and dispensed in plates. An aliquot (10 μl) of the yeasts suspension was inoculated 
onto test medium and incubated at 37°C for 4 days. Colony diameter and colony 
diameter plus precipitation zone were measured for each isolate and the zone of 
phospholipase activity was calculated [14] (Figure 5).
  Pz =  
Colony diameter
  _______________________________  
Colony diameter + Zone of Precipitation
(1)
Five classes were described for phospholipase activity including;
Pz value = 1 means that the test strain is negative for phospholipase,
Pz <0.90–0.99 = weak phospholipase activity (+),
Pz = 0.80–0.89 = poor phospholipase activity (++);
Pz = 0.70–0.79 = moderate phospholipase activity (+++) and
Pz < 0.70 = large phospholipase activity (++++).
Kirby Bauer’s Disc Diffusion method is used to test the antifungal activity of 
2% ketoconazole (KevonR), 0.2% chlorhexidine (Hexidine mouthwash), probiot-
ics (VizylacR, lactic acid Bacillus 120 × 106), and coconut oil against C. albicans. 
Suspensions of C. albicans were prepared in saline solution adjusted to the turbidity 
of 0.5 McFarland and streaked onto Mueller-Hinton agar supplemented with 1% 
glucose evenly. 0.2% chlorhexidine, coconut oil and probiotics (Vizylac, lactic acid 
Bacillus), and 2% ketoconazole were applied on filter paper discs of 6 mm sepa-
rately (4.0 𝜇L/disc) and allowed to dry. Then the discs of chlorhexidine, coconut 
oil, probiotics, and ketoconazole are placed on its surface at equal distance and 
Figure 5. 
Phospholipase test.
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incubated at 37°C for 24 h. Twenty isolates of C. albicans were tested in this manner. 
The zone of inhibition around the discs was observed (Figure 6), which will be 
measured and compared.
The phenotypes and the susceptibility of the isolates to the antifungals were 
compared against one another by the nonparametric Kruskal-Wallis, for multiple 
independent groups, or Mann-Whitney, for two independent groups, tests. The 
results were considered statistically significant at P ≤ 0.05.
3. Results
Candida was identified by its morphological features of cream, smooth, pasty 
convex colonies with a moldy odor on SDA. Candidal carriage among the children 
was found to be 84% (42 children-positive), and C. albicans was found to be the 
predominant species identified. The presence of C. albicans was confirmed by 
observing the Germ tube formation and the formation of chlamydospore. On 
HiCrome agar, C. albicans were seen as light green-colored smooth colonies, C. 
tropicalis as metallic blue-colored raised colonies, C. glabrata as cream smooth colo-
nies, and C. krusei appeared as purple fuzzy colonies (Figure 7). The distribution of 
various species of Candida identified is given in Table 1 and Figure 8.
Virulence factors such as hemolysin, phospholipase, and germ tube formation 
were expressed by the Candidal isolates in the study. Phospholipase was tested 
positive in 92.8% of the isolates, hemolysis in 4.76%, and germ tube and hyphal 
formation in 5.76% as seen in Table 2 and Figure 9. When various species were 
analyzed for their virulence factors, it was seen that 8% C. albicans showed hemoly-
sis, 96% of them were positive for phospholipase test and all of them showed germ 
tube and hyphal formation. Hemolysis and germ tube formation was not detected in 
the rest of the species of Candida. For phospholipase, all the isolates of C. tropicalis, 
C. guilliermondii, C. glabrata, and C. kyfer and 60% of isolates of C. krusei showed 
phospholipase production (Table 3).
Figure 6. 
Zone of inhibition observed around the discs.
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Figure 8. 
Species distribution of Candida.
Species Frequency (%)
Candida albicans 25 (59.5)
Candida glabrata 3 (7.1)
Candida guilliermondii 1 (2.4)
Candida krusei 5 (11.9)
Candida kyfer 1 (2.4)
Candida tropicalis 7 (16.7)
Total 42(100)
Table 1. 
Comparison of species distribution of Candida among the children with dental caries.
Figure 7. 
Candidal colonies on HiChrome Agar.
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The antifungal susceptibility test showed that C. albicans was susceptible to 
ketoconazole, chlorhexidine, coconut oil, and probiotics by having a clear zone 
of inhibition. Table 4 shows comparison of zone of inhibition between different 
Virulence factors Number (%)
Phospholipase test
Positive 39 (92.8)
Negative 3 (7.14)
Hemolysis test
Positive 2 (4.76)
Negative 40 (95.2)
Germ tube and hyphal formation
Positive 25(59.52)
Negative 17 (40.47)
Table 2. 
Virulence factors exhibited by Candida isolates.
Figure 9. 
Virulence factors of Candida.
Species of 
Candida
N Hemolysis test Phospholipase Germtube and hyphal 
formation
P(%) N(%) P(%) N(%) P(%) N(%)
C. albicans 25 2(8) 23(92) 24(96) 1(4) 25(100) 0 (0)
C. tropicalis 7 0 (0) 7(100) 7(100) 0 (0) 0 (0) 7(100)
C. guilliermondii 1 0 (0) 1(100) 1(100) 0 (0) 0 (0) 1(100)
C. krusei 5 0 (0) 5(100) 3(60) 2(40) 0 (0) 5(100)
C. glabrata 3 0 (0) 3(100) 3(100) 0 (0) 0 (0) 3(100)
C. kyfer 1 0 (0) 1(100) 1(100) 0 (0) 0 (0) 1(100)
Total 42 2(4.76) 40(95.2) 39 (92.8) 3(7.14) 25 (59.52) 19(40.47)
Table 3. 
Virulence factors exhibited by individual species of Candida P-Positive , N-Negative.
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Antimicrobial agents N Mean (mm) Std. deviation Chi-square P value
Ketoconazole 20 22.30 15.076 7.429 0.059NS
Chlorhexidine 20 21.80 8.458
Coconut oil 20 16.80 12.846
Probiotics 20 13.50 13.656
Total 80 18.60 13.033
Table 4. 
Comparison of zone of inhibition of antimicrobial agents against Candida albicans NS: not significant 
Kruskal-Walla ANOVA.
Figure 10. 
Mean zone of inhibition of the antimicrobial agents against Candida albicans.
Antimicrobial agents N Mean Std. deviation Mean 
difference
Z-value P value*
Ketoconazole 20 22.30 15.076 −0.5 −0.611 0.542
Chlorhexidine 20 21.80 8.458
*Mann-Whitney U test.
Table 5. 
Comparison of zone of inhibition between ketoconazole and chlorhexidine.
Antimicrobial agents N Mean Std. deviation Mean 
difference
Z-value P value*
Ketoconazole 20 22.30 15.076 −5.5 −1.761 0.078
Coconut oil 20 16.80 12.846
*Mann-Whitney U test.
Table 6. 
Comparison of zone of inhibition between ketoconazole and coconut oil.
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groups. It was found that the mean zone of inhibition for ketoconazole was 
22.3 mm, while it was 21.8 mm for chlorhexidine, 16.8 mm for coconut oil, and 
13.5 mm for probiotics (Figure 10). The difference between the groups was not 
statistically significant (Chi-square value 7.42, 𝑃 value 0.06).
The comparison of the zone of inhibition between ketoconazole and chlorhexi-
dine showed that the mean zone of inhibition for ketoconazole was 22.3 mm, 
whereas for chlorhexidine, it was 21.8 mm. The difference was not statistically 
significant (𝑃 value 0.54) (Table 5). The comparison of the zone of inhibition 
between ketoconazole and coconut oil also showed no statistically significant differ-
ence (𝑃 value 0.07) (Table 6). However, in the comparison of the zone of inhibition 
of ketoconazole and probiotics, there was found to be a statistically significant 
difference between the groups (𝑃 value 0.02) (Table 7).
4. Discussion
Candida species colonizes the oral cavity of infants. Transmissions by mother 
during childbirth, pacifier use, and feeding habits are factors related to Candida 
oral colonization [15]. A study by Xiao revealed that mothers of the children 
affected by Early Childhood Caries (ECC) also have high C. albicans carriage, 
and most of the children were carrying the same C. albicans strains as their 
mothers [16].
The age of infection plays an important role in the disease process and the 
optimal period to intervene with preventive strategies [17].
Candida is a common commensal of the normal oral microbiota [18]. It is 
an opportunistic pathogen and has the ability to cause a variety of infections in 
immuno-compromised hosts like oral candidiasis which manifests as oral thrush in 
infants and chronic atrophic candidiasis in adults. Its ability to exist both in yeast 
and pseudohyphal/hyphal form plays an important role in its virulence [19]. While 
yeast form is a normal commensal of the oral cavity, pseudohyphal (budding shape) 
is associated with a fungal (saprophytic) condition, and the presence of hyphal 
forms is seen to be associated with active symptomatic infections. It displays many 
pathogenic forms due to which it is capable of adhering to various surfaces of host 
organisms, interfering with their immunological system, and producing several 
catabolytes [20].
Candida spp. is acidogenic and has the ability to ferment carbohydrates. Klinke 
et al. [4] have shown that in an environment with a pH below 5.5, which is relevant 
for ECC formation, acidification by S. mutans decreases considerably and ceases 
around pH 4.2, whereas Candida can still secrete acid at pH 4.0. It also produces 
several organic acids including pyruvic acid and acetate [21]. Abundant H + ATPase 
on the plasma membrane of yeasts pumping out proteins from the cell is induced 
by glucose and makes a contribution to the acidification [22]. Furthermore, it was 
Antimicrobial agents N Mean Std. deviation Mean 
difference
Z-value P value*
Ketoconazole 20 22.30 15.076 −8.8 −2.272 0.023
Probiotics 20 13.50 13.656
*Mann-Whitney U test.
Table 7. 
Comparison of zone of inhibition between ketoconazole and probiotics.
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shown that Candida was capable of dissolving the hydroxyapatite at an approxi-
mately 20-fold rate higher than S. mutans, despite a lower number of yeast cells in 
the culture [4, 5, 7–20]. Acidification causing demineralization of dental tissues 
plays a major role in the progression of dental caries. The potential of C. albicans 
to adhere to saliva proteins and S. mutans, its acid producing capability, its ability 
to penetrate into dentinal canals, and its enzymatic activity to degrade collagen 
indicates its cariogenic ability and possible role in the progression of dental caries.
Of the different species of Candida, the most prevalent one recovered from the 
oral cavity is C. albicans. Identification of infecting strains of Candida is important 
because isolates of Candida species differ widely in their ability to cause infection 
as well as in their susceptibility to antifungal agents [23]. Hence, the present study 
is undertaken to identify and to characterize Candida species, to study its virulence 
factors and the antimicrobial activity of coconut oil, probiotics, 0.2% chlorhexi-
dine, and ketoconazole on C. albicans.
Candidal growth was observed to be 84% among the ECC children, whereas it 
was only 24% among the caries free group. The results show that there is significant 
association between the Candidal carriage and the presence of ECC. This is in 
correlation with the previous studies by Hossain et al. [24], de Carvalho [20], Tony 
Jose [25], Ann Thomas [26], Fragkou et al. [5], and others. However in the studies 
by Maijala et al. [27], Peretz et al. [28], and Ratson et al. [29], no significant asso-
ciation between Candida and dental caries was found. This could be attributed to 
factors like difference in saliva rate, composition, buffering capacity etc. that influ-
ence the carious process. And it was observed that these authors employed other 
technical methods for detection of yeasts in the carious tooth samples and did not 
make cultures to identify them, which is considered to be a gold standard method 
for detection of yeast. But in the present study, a correlation between the caries 
experience of the children and Candida in terms of isolation frequency and num-
bers was observed, this being in line with most previous findings. And based on the 
fact that Candida is able to colonize the tooth surface, invade the dentinal tubules 
[30], produce a large amount of acids provoking demineralization of the dental 
enamel [21], and dissolution of hydroxyapatite [7], it has been hypothesized that C. 
albicans is a relevant pathogen involved in the progression of caries [27]. C. albicans 
also actively participates in cariogenic biofilms, through synergistic interaction with 
S. mutans. Evidence of enhanced exopolymeric matrix production, facilitated by 
the increased surface area associated with hyphal networks, supports mixed biofilm 
growth of dense communities cemented to tooth enamel, thus causing progression 
of dental caries [31].
The Candidal carriage in the present study (84%) is lesser than that of studies 
conducted by Merchant et al. [5] and Ann Thomas [26], where the prevalence of 
Candida species in ECC children was found to be 89 and 100% respectively. It was 
observed that the present study showed higher rate of Candidal carriage when 
compared to the studies by Hodson and Craig [32], Hossain et al. [24], de Carvalho 
[20], and Tony Jose [25], where the Candida carriage in ECC was found to be in the 
range of 56–67%. The differences in living environment, ecological environment 
of the oral cavity, and geographical variation and food habits of individuals might 
have influenced this variation among the rate of Candidal carriage among different 
studies [20].
The Candida species growth among the caries free children was observed to 
be 24% in this study. This is in correlation with the previous studies by Merchant 
et al. [5], Rozkiewicz [33], Jose [25], Thomas [26], Hossain [24], where the Candida 
frequency among those without caries was found to be in the range of 2–38%. 
The frequency of yeast carriage also varies due to differences in age, body fluids, 
mucosal surface, and natural barriers against yeast colonization [20].
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5. Distribution of candida species
Even though C. albicans is recognized as the most prevalent species, many other 
species of Candida are identified with a potential clinical importance as they differ 
in the expression of virulence factors and antifungal susceptibility. Non albicans 
Candida species (NAC) are on the rise due to increasing immuno-compromised 
states [34]. Different species of Candida differ in their adherence to the oral tissues 
and hence their virulence.
Both conventional methods like germ tube test and chlamydospore formation 
on Dalmau plate culture and more advanced methods like CHROM AGAR Candida 
differential media (Hi Media) were used in the present study, for differentiation 
between different species of Candida. C. albicans was identified by the formation 
of germ tube and chlamydospores. CHROM AGAR is a relatively rapid method 
to differentiate between different Candida species. It facilitates the detection 
and identification of Candida species from mixed culture and provides result in 
24–48 h. Previous studies shows that the sensitivity and specificity of CHROM agar 
for Candida albicans were 100 and 96%, C. tropicalis were 100 and 100%, C. krusei 
were 100 and 100%, and C. glabrata 75 and 100%, respectively [34].
The overall distribution of Candida species among the isolates was observed as 
follows: C. albicans (61.1%), C. glabrata (5.6%), C. guilliermondii (3.7%), C. krusei 
(11.1%), C. kyfer (3.7%), and C. tropicalis (14.8%). No isolates of C. dubliniensis was 
observed in the present study, which is similar to the studies by Moreira et al. [35], 
Martins et al. [36], de Carvalho [20], Al Hebshi et al. [37, 38], and Cortelli et al. 
[39]. But in the studies by Jabra Rizk et al. [40], Al Ahmed et al. [41], and Moraga 
et al. [42], C. dubliniensis was found in statistically significant proportions in caries 
active children. C. dubliniensis that shares a similar morphology with C. albicans 
is not frequently detected in various studies due to difficulty in differentiating 
between these yeast species, and it is more commonly isolated from immuno-com-
promised – HIV positive subjects [43]. However Kniest et al. [38] reported a case of 
isolating C. dubliniensis from plaque and carious dentine of a healthy 5 year old boy.
In the present study, C. tropicalis was found to be the most predominant among 
the Non albicans Candida species (14.8%), which is in correlation with the studies 
by de Carvalho [20], Cortelli et al. [39], Martins et al. [36], and Al Hebshi et al. 
[37]. However in the study by Al Hebshi et al. [38], C. krusei was most prevalent 
(6.9%) with the lowest counts for C. tropicalis (3.1%), and in a study done by Jabra 
Rizk et al. [40], C. glabrata (23%) was predominant. C. kusei is found in significant 
proportions in HIV and leprosy patients, and it is intrinsically resistant to the 
widely used triazole antifungal fluconazole and poses therapeutic problems [44]. 
An extensive diversity in the nonalbicans species was observed among different 
studies. Intrinsic differences in the pediatric population like differences in dietary 
intake, malnutrition, vitamin deficiency etc. may favor the presence of different 
yeast species. Interactions among Candida species exists that favor coexistence of 
two or more species (synergistic) or render presence of particular species unlikely 
(antagonistic). The carriage of C. tropicalis and that of C. glabrata appears mutually 
exclusive, while carriage of C. albicans favors the presence of C. glabrata [37]. More 
studies are needed to explore this further.
Among the Candidal isolates, C. albicans has shown the highest prevalence. 
This may be attributed to its capacity to form germ tubes, facilitating adhesion [7]. 
Other factors such as molecular adhesion and invasion into host cells, the secretion 
of hydrolases, the yeast-to-hypha transition, contact sensing and thigmotropism, 
biofilm formation, and phenotypic switching contribute to its pathogenic potential 
[45]. The adhesion of C. albicans to intact and denatured type I collagen was found 
to be significantly greater than those of other species and suggested that C. albicans 
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possessed the ability to adhere specifically to extracellular matrix as compared to 
other Candida species [46].
Virulence of Candida species is a significant factor that contributes to its colo-
nization, pathogenicity, and infection of tissues [45]. In the present study, Candida 
expressed virulence factors such as formation of germ tubes, hyphae, hydrolytic 
enzymes such as phospholipases and hemolysin. Phospholipase acts by degrading 
the cell membrane of tissues and epithelial cells. Candida acquires iron from host 
tissue for its metabolism, growth, and invasion during host infection by the enzyme 
called hemolysin. There are reports of a higher production of virulence factors such 
as phospholipase among NAC than C. albicans [47]. Similar results are found in our 
study as all the isolates (100%) of C. tropicalis, C. guilliermondii, C. glabrata, and C. 
kyfer showed phospholipase production whereas only 96% of C. albicans were posi-
tive for phospholipase. However in the present study, the factors such as hemolysin 
production, germ tube, and hyphae were seen exclusively in C. albicans.
6. Virulence markers of candida species
C. albicans is an opportunistic pathogenic microorganism that has developed 
several virulence factors facilitating the invasion of host tissues [48]. It has the 
ability to persist on mucosal surfaces of healthy individuals [49]. In the oral cav-
ity, it resists the mechanical washing action of a relatively constant flow of saliva 
towards the esophagus which contributes to its colonization and pathogenicity [50]. 
Its adhesion to host epithelial cells and biomaterials, formation of germ tubes and 
hyphae, the production of hydrolytic enzymes such as proteinases and phospho-
lipases, and hemolytic capacity contribute to its colonization, pathogenicity, and 
infection of tissues [51].
The production of virulence factors is associated with the ability of Candida to 
cause infections [52]. Hemolytic capacity is an important virulence factor, which 
allows fungi of the genus Candida to acquire iron from host tissues, which then is 
used by the fungus for metabolism, growth, and invasion during host infection 
[53]. Phospholipase enzyme digests the host cell membrane phospholipid, causing 
cell lysis and changes in the surface features that enhance adherence and conse-
quent infection. The ability to switch between the yeast form and the filamentous 
form is also an important virulence factor seen in C. albicans.
In the present study, germ tube and hyphal formation, an important virulence 
factor was seen among all the isolates of C. albicans. Phospholipase production was 
seen among 92.8% of the isolates which is higher than the values obtained from the 
previous studies by Deepa et al. [54] on Candidal isolates from Oral Candidiasis 
patients (52.6%) and Udaylaxmi et al. [16] on children on age 5–10 years with 
dental caries (47.6%). However, the results of the present study are lesser than that 
of Ali Zarei Mahmoudabadi et al. [55] on C. albicans isolated from vagina and urine 
samples, where phospholipase production was seen to be 100%. The phospholipase 
acts by degrading the cell membrane of tissues and epithelial cells, and it is an 
important virulence factor in progression of dental caries.
Hemolysis was shown by 2% among the Candidal isolates in the present study, 
which is lesser than the previous studies conducted by Rossinni et al. [56], Deepa 
et al. [54], and Udaylaxmi et al. [9], where the hemolysin activity was seen among 
92, 63.1, and 100% of the isolates, respectively. There could be varied reasons 
for this variation. Candida strains in HIV-infected individuals have increased 
expression of virulence attributes as suggested by the strongly positive hemolytic 
activity among HIV individuals [56]. There are various factors that influence the 
morphology of yeast and its virulence, such as environmental changes like glucose 
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starvation, growth temperature, carbohydrate rich diet, and the presence of 
streptococci [57].
Ketoconazole is an antifungal imidazole compound that exhibits a significant 
activity against a broad range of superficial and systemic infections caused by 
pathogenic yeasts, dermatophytes, and filamentous fungi, including C. albicans. It 
inhibits respiration by inhibiting the activity of NADH oxidase at the mitochondrial 
level which is its primary site of action. It is known to stimulate phagocytosis and 
inhibit ergosterol biosynthesis which is a characteristic constituent of yeast cell 
membranes thus inhibiting the filamentous growth of C. albicans [10]. Hence, 
ketoconazole is taken as the standard antifungal agent in the present study and 
other antimicrobial agents were compared with it.
0.2% Chlorhexidine digluconate is commonly used as an antiseptic mouth rinse 
because of its wide spectrum of antimicrobial activity. It is capable of inhibiting 
candidal adhesion to biological and inert surfaces resulting in biofilm [11]. It acts as 
a fungicide by coagulating the nucleoproteins of the cell walls causing the escape of 
cytoplasmic components through the plasmalemma [3]. A significant antimicrobial 
activity was shown by chlorhexidine, in the present study, with a mean zone of 
inhibition of 21.8 mm, and the difference with that of ketoconazole was not statisti-
cally significant (𝑃 value 0.54).
Coconut oil is known to exhibit antimicrobial activity against S. mutans and C. 
albicans. It has a unique role in the diet as an important physically functional food 
and is composed of medium chain fatty acids (MCFs) like lauric acid, caprylic acid, 
myristic acid, capric acid, linoleic acid, oleic acid, stearic acid, and palmitic acid. 
Lauric acid constitutes majority of MCFs in coconut oil and have similar beneficial 
effects as MCFs in mother’s milk [58]. Monolaurin and other medium chain mono-
glycerides are shown to have the capacity to alter microbial cell walls, penetrate 
and disrupt cell membranes, and inhibit enzymes involved in energy production 
and nutrient transfer, leading to the death of the bacteria [59]. In the present study, 
coconut oil has shown antifungal activity that is comparable to that of ketoconazole. 
Previous studies have shown C. albicans to be highly susceptible to coconut oil [60], 
especially to the lauric acid of coconut oil [61].
Probiotics are live micro-organisms which, in adequate amounts, confer a health 
benefit to the host. Use of probiotics to replace cariogenic bacteria with noncar-
iogenic beneficial microflora has shown promising results. Taking probiotics in 
cheese is found to reduce the prevalence of C. albicans [62]. In the present study, C. 
albicans was found to be susceptible to probiotics.
7. Conclusion
In the present study, the Candidal carriage among the children with dental caries 
was found to be 84%. In addition to C. albicans, non albicans Candida such as C. 
tropicalis, C. guilliermondii, C. krusei, C. glabrata, and C. kyfer were isolated from the 
teeth in children with dental caries which indicate its role in the production of dental 
caries. Various virulence factors such as phospholipase, hemolysin, and germ tube 
formation seem to affect its pathogenicity. This study scientifically proves the anti-
fungal activity of chlorhexidine, coconut oil, and probiotics. The antifungal activity 
of coconut oil is found to be higher than that of probiotics against C. albicans.
However, further studies emphasizing the various other virulence factors such 
as proteinase production and phenotypic switching responsible for the virulence 
of the non albicans Candida need to be researched. Further studies must be carried 
out to determine the antimicrobial efficacy, the MIC, and MFC of these agents and 
more clinical studies have to be conducted to validate the same.
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